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Abstract:  10 
 11 
 The NIR spectra of reichenbachite, scholzite and parascholzite have been studied at 12 
298 K. The spectra of the minerals are different, in line with composition and crystal 13 
structural variations. Cation substitution effects are significant in their electronic spectra and 14 
three distinctly different electronic transition bands are observed in the near-infrared spectra 15 
at high wavenumbers in the 12000-7600 cm-1 spectral region. Reichenbachite electronic 16 
spectrum is characterised by Cu(II) transition bands at 9755 and 7520 cm-1. A broad spectral 17 
feature observed for ferrous ion in the 12000-9000 cm-1 region both in scholzite and 18 
parascholzite.  Some what similarities in the vibrational spectra of the three phosphate 19 
minerals are observed particularly in the OH stretching region. The observation of strong 20 
band at 5090 cm-1 indicates strong hydrogen bonding in the structure of the dimorphs, 21 
scholzite and parascholzite. The three phosphates exhibit overlapping bands in the 4800-4000 22 
cm-1 region resulting from the combinations of vibrational modes of (PO4)3- units. 23 
 24 
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 32 
 Phosphorus attracts the attention of researchers both in fields of geological and 33 
biological sciences. Phosphorus is the tenth most abundant element on Earth and forms a 34 
constituent of many sedimentary rocks. It is the second most abundant inorganic element 35 
reaching our body occurring primarily in bones and teeth. Phosphorus is a mineral found in 36 
many foods. Phosphates are used clinically to treat hypophosphatemia, hypercalcemia, and in 37 
the management of calcium-based kidney stones. Phosphate minerals have been shown to 38 
possess the potential to adsorb heavy metal ions from aqueous solutions. For example 39 
apatities are most readily available to incorporate heavy metals. High- grade rock phosphates 40 
(>30% P2O5) are utilized for the removal of heavy metal ions [1]. The use of rock phosphate 41 
mineral as heavy metal pollution abatement has been reported by Saxena and  D’Souza [2]. 42 
The low-grade rock phosphate from India was investigated for its possible application in the 43 
removal of lead, copper, zinc and cobalt ions from aqueous solutions. Adsorption of heavy 44 
metal ions was found to follow the order: Pb2+ > Cu2+ > Zn2+ > Co2+ [2].  45 
 46 
 A number of basic salts of copper and phosphate are well known, for example, 47 
pseudomalachite [Cu5(PO4)2(OH)4] [3] and its polymorphs reichenbachite and ludjibaite [4-48 
10]. The crystal structure of synthetic Cu5(PO4)2(OH)4, a polymorph of pseudomalachite has 49 
been analysed by Anderson et al. [11] . This new phase crystallizes in the space group P21/a, 50 
with a = 0.919, b = 1.068 and c = 0.446 nm. The coordination polyhedra about the copper 51 
ions are similar in the two structures of synthetic and the natural mineral, pseudomalachite. 52 
The Cu2+ ions occupy two six-coordinated sites in the synthetic structure characterised by 53 
four short and two long bonds; the third copper ion is in a distorted square pyramidal 54 
coordination with a sixth oxygen atom just outside the coordination sphere [11]. Zinc 55 
phosphates are important in the study of the phosphatisation of metals and the use of these 56 
types of minerals has application in dental cements. The formation of such minerals is 57 
important for the fundamental understanding of the oxidised zones of metal deposits [12-14]. 58 
It is also probable that many of the zinc and calcium phosphate minerals also occur when 59 
replacing human and animal bones  whereas the copper phosphate minerals are many and 60 
common[15-17]. The zinc phosphate minerals are confined to the dimorphs of hopeite [18, 61 
19] and parahopeite [Zn3(PO4)2·4H2O] [20, 21], tarbuttite [Zn2PO4(OH)] [22, 23], spencerite 62 
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[Zn2PO4(OH)·1.5H2O] [24, 25], together with the mixed cationic minerals scholzite 63 
[CaZn2(PO4)2·3H2O] [26, 27], and parascholzite [CaZn2(PO4)2·2H2O] [28, 29]. 64 
 65 
 Reichenbachite Cu5(PO4)2(OH)4, crystallizes in the monoclinic system, space group 66 
P21/a, with the lattice constants a = 0.920, b = 1.069 and c = 0.448 nm [9]. Copper in its 67 
divalent oxidation state has the distinction of having a most varied role in oxide crystal 68 
chemistry. It is found to occupy many types of coordination polyhedra ranging from square 69 
planar to distorted trigonal bi-pyramidal, square-pyramidal, and octahedral [30]. Scholzite 70 
and parascholzite are dimorphs, and the difference between these two structures involves 71 
linkage of the sheets in the structural system. The details of the coordination of interstitial Ca 72 
atoms differ in the two structures, leading to a different arrangement of adjacent sheets that 73 
produces an orthorhombic arrangement in scholzite and monoclinic arrangement in 74 
parascholzite [31]. Scholzite [CaZn2(PO4)2·3H2O] structure shows chains of ZnO4 tetrahedra, 75 
which are connecting to other similar chains by isolated PO4 tetrahedra. The calcium atoms 76 
are surrounded by distorted oxygen octahedra which are formed by one oxygen from each of 77 
four different PO4 tetrahedra and two oxygens from two water molecules. The water 78 
molecules in groups of four, occupy cages surrounded by two CaO6 octahedra and four PO4 79 
tetrahedra [32]. Parascholzite [CaZn2(PO4)2·2H2O] is monoclinic, C2/c, with a = 1.786, b = 80 
0.742 and c = 0.667 nm. Comparison with scholzite from Reaphook Hill, South Australia 81 
shows that the two minerals are dimorphous, scholzite being orthorhombic, Pbc21, with a = 82 
1.718, b = 2.224 and c = 0.668 nm [28].  83 
 84 
  In the current research NIR spectroscopy is conducted on three phosphate 85 
minerals. One copper phosphate mineral, reichenbachite Cu5(PO4)2(OH)4 and another two 86 
minerals of calcium zinc phosphates, scholzite CaZn2(PO4)2·3H2O and its dimorphous 87 
mineral parascholzite CaZn2(PO4)2·2H2O were selected .  There is little information on NIR 88 
spectroscopy of phosphate minerals. The research reported in this article focuses on the near-89 
infrared spectroscopic study of three phosphate minerals namely, reichenbachite, scholzite 90 
and parascholzite. The scientific literature on this topic is surprisingly limited. The current 91 
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study is based on our previous investigations which predicted more electronic structural 92 
information of the Cu-Zn phosphate complexes. 93 
 94 
 95 
2.  Experimental 96 
 97 
 2.1. Samples description  98 
 99 
 Reichenbachite Cu5(PO4)2(OH)4] originated from Kipushi mine, Lubumbashi, 100 
Katanga Province, Congo (Shaba Province, Zaire) and was procured from Prof. Peter A. 101 
Williams, School of Science, Food and Horticulture, University of Western Sydney, NSW, 102 
Australia. Scholzite CaZn2(PO4)2·3H2O is a very rare hydrated calcium zinc phosphate. This 103 
mineral was obtained from South Australian Museum, Australia. It is well known from 104 
Reaphook Hill, Martins Well, South Flinders Ranges, Flinders Ranges, South Australia, 105 
Australia, comes in large cluster, but the fine needle like crystals are very hard to transport. 106 
The composition of the mineral has been published. Parascholzite CaZn2(PO4)2·2H2O was 107 
supplied by the Mineralogical Research Company, USA, originated from Kopje Open Cut, 108 
Broken Hill Mine, Kabwe, Zambia, Africa.  109 
 110 
 2.1. Near-infrared (NIR) spectroscopy 111 
 112 
 NIR spectra were collected on a Nicolet Nexus FT-IR spectrometer with a Nicolet 113 
Near-IR Fibreport accessory (Madison, Wisconsin).  The minerals were used as is with no 114 
sample preparation.  A white light source was used, with a quartz beam splitter and TEC NIR 115 
InGaAs detector.  Spectra were obtained from 13,000 to 4000 cm-1 (0.77-2.50 µm) (770-2500 116 
nm) by the co-addition of 64 scans at a spectral resolution of 8 cm-1. A mirror velocity of 117 
1.266 m sec-1 was used. The spectra were transformed using the Kubelka-Munk algorithm to 118 
provide spectra for comparison with published absorption spectra. This is given as R on the 119 
Y-axis in the figures where R is the Reflectance.   120 
 121 
Spectral manipulation such as baseline adjustment, smoothing and normalisation were 122 
performed using the Spectracalc software package GRAMS (Galactic Industries Corporation, 123 
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NH, USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software 124 
package which enabled the type of fitting function to be selected and allows specific 125 
parameters to be fixed or varied accordingly. Band fitting was done using a Lorentz-Gauss 126 
cross-product function with the minimum number of component bands used for the fitting 127 
process. The Lorentz- Gauss  ratio was maintained at values greater than 0.7 and fitting was 128 
undertaken until reproducible results were obtained with squared correlations of r2 greater 129 
than 0.995.  130 
 131 
 132 
3.  Results and Discussion 133 
 134 
3.1. Background 135 
 136 
 Vibrational spectroscopy of the basic copper phosphate minerals: pseudomalachite, 137 
ludjibaite and reichenbachite have been reported by Frost et al. [17]. Hydroxyl-deformation 138 
modes associated with Cu(OH) groups were identified in both the IR and Raman spectra. The 139 
report shows phosphate vibrational modes, although similar in position, are characteristically 140 
different for the three polymorphs. Reichenbachite IR bands were observed at 3441, 3397 and 141 
3289 cm−1 for OH stretching vibrations and OH deformation vibrations at 889, 800 and 761 142 
cm−1. The PO4 stretching vibrations display phosphate modes ν1 = 995 and 960 cm−1, ν2  = 143 
512, 480, 457 and 415 cm−1, ν3 = 1091 and 1032 cm−1 and ν4 = 690, 610, 580 and 511 cm−1 144 
[17]. Frost [33] applied the combination of IR and Raman spectroscopy to characterise a 145 
number of natural zinc phosphate minerals that include scholzite and parascholzite. The 146 
Raman spectrum of the PO4 stretching region shows better band separated peaks than the 147 
infrared spectra which consist of a complex set of overlapping bands and explained the 148 
position of the PO4 symmetric stretching modes that could be used to identify the zinc 149 
phosphate minerals [33]. Hill et al. [18] described the deposits of scholzite and other 150 
phosphate minerals from Reaphook Hill, South Australia and observed considerable 151 
similarities between Broken Hill, Zambia phosphate deposit and the Reaphook Hill, Australia 152 
deposit. The minerals were found to contain high iron and manganese content in addition to 153 
the major components of 20% Zn and 30% P2O5 [18]. 154 
 155 
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 Phosphate minerals are well-known for substitution of both cation and anion in the 156 
mineral structure. Often Cu and Fe are present as major constituents, or frequently as 157 
minor ones and profoundly influence the optical properties of many minerals. The 158 
presence of copper ion and ferrous ion in the minerals can readily be detected in NIR 159 
spectroscopy through their electronic transition bands as observed in the near-infrared 160 
region. For Cu2+ (d9) the free ion term 2D splits into ground state 2Eg and excited 2Tg state 161 
in octahedral crystal field. But 2Eg is unstable and splits under the influence of Jahn-Teller 162 
effect and 2Tg excited state also splits. Thus Cu2+ complexes never correspond to the 163 
regular octahedron; instead six-fold coordination (4+2) always occurs in the form of an 164 
elongated octahedron. As a result of distortion of octahedral symmetry, copper complexes 165 
usually show three bands and are assigned to 2B1g  2A1g, 2B1g  2B2g and 2B1g  2Eg 166 
transitions [34, 35]. The first two transitions are very close in energy and often appear in 167 
the form of one broad band in the near-infrared and third band may also be observed in the 168 
visible region [36]. For Fe(II) ion, the free ion ground term is 5D and excited terms are 169 
triplets: 3H, 3P, 3F, 3G, 3D and singlets: 1I, 1D. In an octahedral field the 5D terms splits in 170 
the ground 5T2g level and excited 5Eg level. The 5T2g  5Eg transition is the only allowed 171 
transition in the octahedral field, the related broad intense absorption band at around 1100 172 
cm−1 in the NIR spectral region in the spectra of Fe(II) compounds. Other spin-forbidden 173 
transitions from ground quintet 5T2g level to triplet levels occur in Fe(II) spectra [37]. Hill 174 
and Milnes [38] reported electron-probe microanalyses of phosphate minerals tarbuttite 175 
and scholzite from Reaphook Hill to be 66.90% ZnO, 0.02% FeO, 0.01% MnO, 0.04% 176 
CaO, 0.01% SO3, 30.30% P2O5, 0.06% SiO2, 0.03% MgO, 2.60% H2O tarbuttite and 177 
scholzite: 40.30% ZnO, 0.01% FeO, 0.01% MnO, 14.70% CaO, 0.00% SO3, 36.70% P2O5, 178 
0.04% SiO2, 0.01% MgO, 8.20% H2O. Electron-probe microanalyses of tarbuttite and 179 
scholzite from Reaphook Hill were compared well with published analyses of specimens 180 
of these minerals from the type localities in Zambia and Bavaria, respectively and suggest 181 
the minerals belong to isomorphous series in which 6-coordinated Zn can be replaced by 182 
other cations, including Fe, Mg, and Mn [38]. 183 
 184 
 185 
3.2. Near infrared spectroscopy 186 
 187 
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 NIR Spectroscopy is a useful tool for the study of minerals and their spectral 188 
properties. All most all minerals can be characterized by near-infrared spectroscopy. A 189 
mineral that contains transition metal ion gives rise to absorption features in the near-infrared 190 
spectrum. NIR Spectroscopy is particularly useful for diagnosing d → d transitions relating to 191 
Cu(II) and Fe(II) ions in the high wavenumbers region 13000-7500 cm-1 and hydrogen 192 
species, H2O and OH in the lower energy of  7200-4000 cm-1 spectral region. Sharp bands in 193 
the low energy region 4800-4000 cm-1 are recognized for the combination modes of anions 194 
like phosphate in the complexes. The three minerals selected for characterization are 195 
reichenbachite, scholzite, and parascholzite. Copper is a major component in reichenbachite, 196 
whose electronic spectrum in the region 13000-7500 cm-1 consists of Cu(II) bands. The other 197 
two are calcium zinc phosphates whose spectra are different from the former, but are 198 
distinguishable due to variable composition with considerable major cations of Ca and Zn 199 
and Mg, Mn and Fe as minors.  The as obtained spectra are given in Figure 1.  The results 200 
and the assignment of the NIR bands are given in Table 1. 201 
 202 
4.  Results and discussion  203 
 204 
4.1. Near-infrared (NIR) spectroscopy  205 
 206 
 Transition metal bearing minerals exhibit absorption spectral features from 12000 to 207 
8000 cm-1 resulting from d  d transitions. The analysis of the spectra of minerals is helpful 208 
in understanding the substitutions of cations like Fe, Mn, Co, Ni and or Cu for Zn/Mg/Al aids 209 
to correlate the spectral variations with structure and composition of mineral complexes. 210 
Significant amounts of transition metal ions of Fe, Mn, and Cu in the three minerals show 211 
variable band positions in the NIR spectrum. Bands in the high wavenumbers region 12000-212 
7500 cm-1 are related to d  d transitions where as the bands extended from 7000 to 4000 213 
cm-1 result from the anion and or molecular vibrations. The observed spectra of the selected 214 
phosphate complexes are sub-divided into four regions. First region 12000-7500 cm-1 is the 215 
electronic part in which bands result from transition metal ions. In the second region 7000-216 
6500 cm-1 bands are attributed to the overtones of the fundamental OH stretching modes. The 217 
third one is 6500 to 5000 cm-1 region where bands appear due to the first overtones of water-218 
OH fundamentals and deformation modes. Bands in the range 4800-4000 cm-1 are attributed 219 
to the combinations of the stretching and deformations modes of phosphate ions.   220 
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 221 
4.2. Electronic spectral region: 12000-7500 cm-1 222 
The electronic spectrum of copper phosphate mineral, reichenbachite is shown in Fig. 2a. The 223 
broad feature from 12000 to 9000 cm-1 is characterised by divalent copper ions. By the 224 
application of band component analysis, the broad feature shows two main component bands 225 
at 11415 and 9755 cm-1. The second feature at around 8000 cm-1 also shows splitting at 8515, 226 
7665, 7520 and 7375 cm-1. The two main bands centred at 9755 and 7520 cm-1 are assigned 227 
to 2B1g  2B2g and 2B1g  2A1g transitions. The assignment of the bands is in conformity 228 
with other copper complexes. For example the bands in the electronic spectra of two copper 229 
sulphates, ktenasite and orthoserpierite and one phosphate mineral, kipushite are attributed to 230 
copper(II) transitions and the report shows significant Cu(II) spectrum for kipushite,   231 
Cu,Zn)6(PO4)2(OH)6·H2O (Cu-rich) with bands displayed in high wavenumbers at11390 and 232 
7545 cm-1 [39] . The position of the Cu(II) bands in reichenbachite is in the range of  the 233 
bands that observed in kipushite. The highly distorted Cu2+φ6 (φ = O2-, OH-, H2O) octahedra 234 
in minerals are due to the electronic instability of Cu2+ (d9) in an octahedral ligand-field and 235 
is termed as Jahn-Teller distortion of Cu2+φ6 octahedra.  As a result of distortion, splitting of 236 
the electronic transitions occurs. The observation of the splitting for Cu(II) bands in 237 
reichenbachite NIR spectrum is an evidence for Jahn-Teller distortion  and the symmetry of 238 
Cu(II) ion is lowered from regular octahedral to D4h symmetry. The cause of additional 239 
splitting of 2B1g  2B2g and 2B1g  2A1g transitions bands may be attributed to the spin-orbit 240 
coupling that is significant for copper [40].  241 
 242 
 The dependence of the spectral properties with chemical composition and structure 243 
may be utilised to differentiate between the three phosphate minerals. Zn-substituted Ca 244 
hydroxyapatites [Ca10(PO4)6(OH)2] were synthesised and their structural analyses revealed 245 
the cause of changes  in various structural properties like lattice parameters a and b, 246 
crystallinity and morphology are related to the substitution of Ca, PO4, and OH groups  by 247 
other ions [41]. The phosphate complexes are known for substitution of Mg2+ by divalent 248 
ions like Fe2+, and Mn2+. Cation and valence distribution in Fe-phosphates of the lazulite type 249 
were synthesised and characterised by XRD and Mossbauer spectroscopy. The results 250 
indicate a change in the substitution mechanism from an isomorphic substitution which is 251 
dominated by simple Mg ↔ Fe2+ exchange above xFe = 0.125 to a point defect reaction, in 252 
which Fe3+ gains a strong influence on the development of the lattice parameters [42]. One 253 
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broad feature at ~10000 cm-1 resulting from Fe(II) impurity has been reported for 254 
pyromorphite mineral Pb5(PO4)3Cl [43].  NIR spectroscopy of carbonate minerals revealed 255 
iron impurity. The spectra of smithsonites show a doublet band with a separation >1200 cm-1 256 
confirming distorted octahedral site for Fe (II) ions [44]. Fig. 2b and 2c illustrate a broad 257 
spectral feature for ferrous ion from 12000 to 9000 cm-1 both in scholzite and parascholzite  258 
and is attributed to ferrous ion transition 5T2g  5Eg. The broad absorption band is relatively 259 
less intense in the former than the later and split into two components bands at 11035 and 260 
9870 cm-1 for scholzite and 11095 and 9815 cm-1 in parascholzite. The separation of the 261 
splitting 1165 cm-1 (11035-9870 cm-1) for scholzite and 1180 cm-1 (11095-9815 cm-1) in 262 
parascholzite shows distorted octahedral coordination for Fe(II) ions in the two dimorphs 263 
minerals. One band observed for scholzite (Fig. 3b) in the low wavenumbers near 8175 cm-1 264 
is compared with the spectrum of copper phosphate mineral, reichenbachite Cu5(PO4)2(OH)4  265 
and may be attributed to copper ion. This band is not detected in the NIR spectrum of 266 
parascholzite indicating the absence of copper in parascholzite.   267 
 268 
4.3. Vibrational spectral region: 7000-4000 cm-1 269 
 270 
 Fig. 4 shows overtones and combinations of OH vibrational modes in the spectral 271 
region 7500- 5000 cm-1. A number of conclusions can be drawn: (a) the NIR spectrum of 272 
copper phosphate, reichenbachite is different from the two calcium zinc phosphates. The 273 
spectra of scholzite and parascholzite are almost similar in the overtones and combinations of 274 
OH stretching region 7000-5000 cm-1 and also the spectra in the second region 4800-4000 275 
cm-1 are identical. The spectrum of reichenbachite in this region is different. Bands are sharp 276 
and intense in scholzite and parascholzite and are shifted to higher wavenumbers with respect 277 
to reichenbachite. The presence of multiple cations and the isomorphic substitutions of Mg by 278 
divalent cations such as Fe and or Mn cause band shifts to higher wavenumbers for  scholzite 279 
CaZn2(PO4)2·3H2O and its dimorphous mineral parascholzite CaZn2(PO4)2·2H2O [44]. Both 280 
the NIR and IR spectra of minerals indicate the presence of water in minerals [45, 46]. The 281 
sharp band for reichenbachite at 6630 cm-1 is the characteristic absorption feature 282 
corresponding to the 21OH overtones of the OH fundamental modes of Cu(OH) groups which 283 
are hydrogen bonded. This band shows a shift to 6785 cm-1 in scholzite and parascholzite. A 284 
shoulder band common to the three phosphate complexes appeared at 6500 cm-1 is attributed 285 
to the overtones of OH vibrations of water molecules (23OH = 2w ). This feature also 286 
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reported for kipushite at 6435 cm-1 [39]. A strong and sharp band shown by scholzite at 5090 287 
cm-1 with two components at 4960 and 4895 cm-1 result from the combination of OH- 288 
vibrations of water molecules and water bending modes (3OH+ 2H2O). This band is almost 289 
identical in nature for parascholzite and the same band appeared as weak in intensity at 5020 290 
cm-1 in reichenbachite. The observation of the strong band at 5090 cm-1 implies strong 291 
hydrogen bonding in the dimorphs, scholzite and parascholzite. The fact that you are getting 292 
the first fundamental overtone of the combination of OH and H2O bands means that hydrogen 293 
bonds are formed. There are no OH units in the structure of either scholzite or parascholzite. 294 
Hydrogen bonds can only form through the interaction of water and the phosphate units.  295 
The PO4 stretching region consists of overlapping bands in the 4800-4000 cm-1 region 296 
resulting from the combinations of (PO4)3- modes. A set of sharp and narrow bands is 297 
resolved by component analysis and the positions of bands are utilised to differentiate the 298 
three phosphate minerals. The assignment of the bands is presented in Table 1 and 299 
comparison is made with published data on NIR spectra  of CuZn phosphate mineral, 300 
kipushite [39] and reichenbachite IR bands observed [17] for OH and PO4 stretching 301 
vibrations.  302 
 303 
5. Conclusions 304 
 305 
 The NIR spectra of three minerals; one copper phosphate reichenbachite mineral and 306 
zinc phosphates, scholzite and parascholzite have been studied at 298 K. The spectra of the 307 
minerals are different, but they are in line with composition and crystal structure variations. 308 
Two bands observed in the electronic spectrum of reichenbachite at 9755 and 7520 cm-1 are 309 
the character of Cu(II) transitions 2B1g  2B2g and 2B1g  2A1g. A broad spectral feature 310 
observed for ferrous ion in the 12000-9000 cm-1 region and the separation of the splitting 311 
1165 cm-1 for scholzite and 1180 cm-1 in parascholzite shows distorted octahedral 312 
coordination for Fe(II) ions in the two dimorphs minerals, scholzite and parascholzite. The 313 
observation of a strong band at 5090 cm-1 indicates strong hydrogen bonding in the dimorphs, 314 
scholzite and parascholzite. The overlapping bands in the 4800-4000 cm-1 region resulting 315 
from the combinations of (PO4)3- modes. A set of sharp and narrow bands is resolved by 316 
component analysis and the positions of bands are utilised to differentiate the three phosphate 317 
minerals. 318 
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Reichenbachite  
Cu5(PO4)2(OH)4 
 (cm-1)   
(Present study) 
Scholzite 
CaZn2(PO4)2·3H2O 
 (cm-1)  
(Present study) 
Parascholzite  
CaZn2(PO4)2·2H2O 
 (cm-1) 
( Present study) 
Kipushite 
(Cu,Zn)6(PO4)2 
(OH)6·H2O 
 (cm-1) 
(Reported) 
Suggested 
assignment
11415 
10010c 
9755 
9480sh 
11470sh 
11035 
10745sh 
9870 
11095 
10690c 
10130c 
9815 
11390 
9730 
 
d → d 
transitions 
 
8745c 
8515c 
7665c 
7520 
7375c 
8450sh 
8175 
7985c 
not detected 
7545 
 
d → d 
transitions 
 
 
6780sh 
6630 
 
6965sh 
6785 
6920sh 
6785 
6655 
 
21OH a 
6490sh 6630sh 6615sh 6435 2w a  
not detected 6340 
6185sh 
6075c 
5690 
5590sh 
6285 
6135sh 
5795c 
5665 
6300 (w + 2δw) a
5165c 
5020 
4840c 
5090 
4960c 
4895c 
5090 
5000c 
4930c 
5140 
4975sh 
(w + δw) a 
4755c 4780sh 4780sh 4780 (32+33) b 
4440 4555sh 4575 4535 (33+24) b 
4385 
4325 
4275w 4465 
4380 (31+32) b 
4230 4215 4220 4150 (21+23) b 
4170 4125 4170 4050 (21+34) b
15 
 
4075 4115    
 395 
a Overtones and combinations of vibrational modes of OH- stretching vibrations:    396 
  (1OH) = 3441-3397 cm-1; OH- vibrations of water molecules, 3OH (w) = 3289 cm-1 and   397 
  water bending vibrations, 2H2O (δw) = 1390-1260 cm-1 398 
b Overtones and combination modes of (PO4)3-  fundamentals: 1 = 995-960 cm-1, 2 =  399 
  512-415 cm-1, 3 = 1091-1032 cm-1 and 4 = 690-511 cm-1 400 
  Abbreviations: c-component; sh-shoulder; w-weak  401 
 402 
Table 1 Assignment of the NIR bands in Cu-Zn phosphate minerals and its comparison 403 
with the Cu-Zn phosphate mineral kipushite 404 
   405 
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Figure 1    Near-infrared spectra of reichenbachite, scholzite, and parascholzite 419 
Figure 2a.  Near-infrared (NIR) spectrum of reichenbachite: 12000-9000 cm-1 region. 420 
Figure 2b.  Near-infrared (NIR) spectrum of scholzite: 12000-9000 cm-1 region. 421 
Figure 2c.  Near-infrared (NIR) spectrum of parascholzite: 12000-9000 cm-1 region. 422 
Figure 3a.  Near-infrared (NIR) spectrum of reichenbachite: 9000-7000 cm-1 region. 423 
Figure 3b.  Near-infrared (NIR) spectrum of scholzite: 9000- 7000 cm-1 region. 424 
Figure 4a.  Near-infrared (NIR) of reichenbachite: 7000-4000 cm-1 region. 425 
Figure 4b.  Near-infrared (NIR) of scholzite: 7000-4000  cm-1 region. 426 
Figure 4c.  Near-infrared (NIR) of parascholzite: 7000-4000  cm-1 region. 427 
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